Abstract: Fasteners form the integrating elements of any aerospace hardware and provide the required mechanical integrity. Various types of fasteners including screws, rivets, bolts, pins, blind rivets, blind bolts, anchor nuts, solid inserts, collars etc. are used in aerospace application. Aerospace fasteners needs to be more durable, lighter and shall withstand high loads, vibrations and hostile environments such as deep space etc. In order to achieve this, aerospace fasteners are processed through specialized forging, heat treatment and thread rolling. Finite element analysis is done simulating the tensile testing of slotted counter sunk head screws and experiments are also conducted to verify the analysis results. A comparison is made on the stress distribution contours of slotted 120 degree countersunk head screw and slotted 90 degree countersunk head screw.
INTRODUCTION
Joining by mechanical fasteners is common in assembly of structural components. The most important elements in structures (especially aerospace structures) are bolted joints, which are used in very large numbers on modern aircraft nowadays.
The 35NCD16 (3.5Ni-1.5Cr-0.5Mo) steel in hardened and tempered condition is widely used as fasteners in aerospace structures. The 35NCD16 steel is used for making fasteners meeting the specified axial tensile stress rating of 1250 MPa.
Slotted 120 degree CSK and slotted 90 degree CSK fasteners are tensile tested for evaluating the UTL. Analysis is carried out using a finite element analysis software Abaqus by importing a solid model of the specimen created in CATIA. A comparison is made on stress distribution and breaking loads of slotted countersunk fasteners by FE analysis.
MATERIAL
The 35NCD16 is a high strength, low alloy vacuum arc remelted steel that takes its name from French industry designation. The combination of high strength, toughness and superior cleanliness available with 35NCD16 VAR steel readily identify it as a candidate for aerospace structural applications. The chemical composition of 35NCD16 is given in Table 1 . 
SOLID MODELING
Modelling was done using CATIA V5.0. Slotted CSK head screws of dimensions M3, M4, M5 and M6 were modelled for both 120 degree and 90 degree types.
A typical solid model of a slotted 120 degree CSK screw is shown in figure 1 . 
FINITE ELEMENT ANALYSIS
Finite element method (FEM), one of the most accurate numerical solution methods, has been increasingly used for modelling operations. It gives accurate results and therefore, it is now a well-accepted numerical method.
Slotted CSK screws modelled and saved as STEP format using CATIA V5.0 were imported to ABAQUS/CAE 6.10 for finite element program and divided into finite elements.
The screws were regarded as having linear elastic isotropic properties and its values were entered through material properties icon. The stress strain data are entered as true stress and true plastic strain. The true stress and true plastic strain were calculated as shown below. Boundary conditions were applied by fixing head portion of the screw and tensile load was applied on the base of the screw as uniformly distributed load along the fastener axis as shown in fig. 2 . Specified Ultimate tensile load = UTS x Tension Cross-section Area 1.0 20.1 3 dimensional 4 node tetrahedron structural solid element (C3D4) with linear displacement behaviour was used as the element type. A mesh sensitivity study was conducted before selecting the final mesh and element size. A uniform finer mesh was used throughout the length of slotted CSK screw. A typical screw model after meshing is shown in Fig. 3 . 
MATERIAL TESTING
Samples of fasteners were tension tested in Universal Testing Machine and the breaking load was noted. The fracture of fasteners during tensile test for all 120 deg CSK head occurred only in the head and for all 90 deg CSK head occurred in the thread. Loading is done parallel to fastener axis.
The breaking loads were tabulated from the tension tests for Slotted 120 degree CSK and Slotted 90 degree CSK for different sizes. Five samples of Slotted 120 degree and 90 degree CSK screws were tension tested. Average values of breaking loads obtained are shown in Table 6 . 
RESULTS AND DISCUSSIONS
The fracture of fasteners during tensile test occurred in the head-shank portion for 120 deg CSK fasteners while 90 deg CSK fasteners failed along the thread. The finite element analysis using Abaqus also shows presence of maximum value of stress in the shank or thread portion. Maximum stress as expected develops along the least area. In figure, red portion shows the maximum principal stress developed. For same load and same dimension of Slotted screws, 120 degrees and 90 degrees shows variations in stress distribution. The maximum principal stress developed in 120 degree CSK screws are much higher compared to 90 degree CSK screws. Pressure load Slotted 120 degree screws showed higher displacements compared to Slotted 90 degree CSK screws and there was a steady increase in displacement values as for higher dimensions. Fig. 7 shows that for M3 displacement values for 120 degree and 90 degree CSK are closer while in fig.10 , a higher gap can be noticed between the two. 
LOAD-DISPLACEMENT RESULTS

COMPARISON OF FEA RESULTS WITH MECHANICAL TESTING
CONCLUSIONS
Even though a lot of researches regarding the material used (35NCD16 steel) for fasteners have been done, only few studies were reported on CSK screws. This paper attempts a detailed study on the finite element analysis of Slotted Counter Sunk Head Screws. 
